I. INTRODUCTION We investigate in this work collisional and radiative processes in stationary, uniform atomic oxygen at electron temperatures 11000 K~T ,~1 5 000 K. In our previous paper, ' referred to as paper I, a stationary collisional-radiative model was formulated and solved for atomic nitrogen plasma. We refer the reader to paper I for a detail discussion on the development, assumptions, and method of solution of the model. The electronic energy structure assumed for atomic oxygen is shown in Fig. 1 We consider only the ground-state [0 ( P)] ions since the excited negative oxygen ions are not stable. The total cross sections for the radiative and electron-impact detachment processes are available in literature. ' These processes are defined, respectively, as hv+0 ( P)~e+0 g (i), [g'; ] (1) and 10-8 5x10 O 10-' T e +0 ( P) +e+-0 g (i) +e, [p", , '] (2) 5x10 0.8 1.0 -1P (5) 11 g, g ) 2~m, kT, U exp k pll=plpll, (6) kT, where g, g"and g& are statistical weights for the negative ion, electron, and the ground atomic state, respectively, c is the electron energy, hv, is equal to c. +U (U is the electron affinity of the ground-state atom), ot, "'d, ', (v) is the cross section for the photodetachment process [reverse of the process (3) ] that leaves atom in its ground state. The low-energy part (h v + 3.5 eV) of the photodetachment cross section can be obtained from the experimental measurements of Branscomb, while the high-energy part can be taken from the theoretical work of Smith. Subsequently, the rate coefficient y» for radiative attachment to the ground-state atom is calculated by integrating the cross section (5) where S, , is the electron-impact rate coefficient for ionization of atom excited to the ith level; a"and P"are rate coefficients for radiative and three-body recombination, respectively, producing an atom excited to the ith level; a; is the effective dielectronic recombination rate coefficient for dielectronic transitions to the i =1 and 4 "terminating" levels (see discussion below); and (v".) and~"are the radiation escape factor for dielectronic and free-bound radiation, respectively.
The rate equation for the production of the excited atoms should include the attachment, detachment, and mutual neutralization processes involving atoms excited to particular electronic levels. Then, the production of the excited atoms can be given by BN; N, Nk Ck; + g N, N~R&, + g N A;a;+N, N+(a"a«+a, (a")+N, P«)
g N, C-)+ g N, R(k+ g A;ka;k+N, S;, Cj'(P) = 10
where the function G "(P) is
and the parameters A" and y" and the angular factors Q" are given in Table I . The cross section used in this work for the electronimpact ionization from the atomic ground state is that measured by Brook, Harrison, and Smith. Their cross section is very close to the cross section measured recently by Zipf. B. Ionization from the two lowest excited levels As mentioned before, the i =2 and 3 levels of oxygen atom do not couple with the ionic ground state. In the plasmas considered here, the density of the ground-state ions is much greater than the densities of the excited ions.
Therefore we neglect in our calculations the three-body recombination from these excited ionic levels to the i =2 and 3 atomic levels. However, we include the electronimpact ionization of the two atomic levels (with final ionic states 2p D' and 2p P', respectively). In other words, we assume that the contribution of the recombination to production of the i =2 and 3 atomic levels can be neglected, in the rate equations (12) and (13), whereas the contribution of the collisional ionization from these two atomic levels can be of some importance (mainly because of the relatively high densities of these two atomic levels). 
B. Transitions with lhSl =1
In this case, both magnetic dipole (Ml) and electric quadrupole (E2) interactions are considered (see Table   V (12) and (13) 
where l ax is the larger of the two numbers l and l'. The spectral line intensity is defined here as the net power radiated in all directions from a unit plasma volume located at the center of the plasma slab, whereas the continuum emission is specified in terms of the net power radiated per unit plasma volume, per unit solid angle, and per unit frequency range. including N"depend on the values of T, and N, (see discussion in paper I). The range of plasma density and temperature chosen in our calculations is limited by the following assumptions:
(1) the atom-atom inelastic collisions do not contribute to the properties of the plasma, and (2) the role of doubly ionized atoms and excited singly ionized ions is negligible. The first assumption requires that T,~1 1000 K while the second is justified if N, /N, «1 (T, 15000
Numerical calculations show that the atoms excited to the i =2 level are in the Boltzmann equilibrium with the ground-state atoms in the entire range of conditions considered here. In addition, the population of the atoms excited to this level is not far from the population of the ground-state atoms (Fig. 6) . Population of the level i =3 is also relatively high and close to the Boltzmann equilibrium with the ground and first excited levels under most of the conditions. This is due to the lack of radiative coupling of the metastable levels i =2 and 3 with the ground state and the relatively small energy gaps between the levels (Fig. 1) . However, at high T" the collisional coupling of these two levels with the upper excited levels and the continuum get stronger. Then the population of the level i =3 deviates slightly from the equilibrium values.
The fact that the fraction of the atoms excited to the i = 2 and 3 levels is large is important for the redistribution of energy in the plasma and for the plasma transport properties (the electrical and thermal conductivity, electron mobility, etc.). These properties depend on the cross sections for electron-atom elastic scattering; the cross sections are much greater for scattering by the excited atoms than for scattering by the ground-state atoms.
The populations of the upper electronic levels are given in Figs. 7 and 8. In Fig. 9 , we show the X, dependence of the ratios 8; in order to emphasize their weaker, than that of the functions 8; (N"T, ), dependence on T, . Populations 3, 4, 5, 6 , 7 electron-impact transitions. The first set of the cross sections was the one used in this work (all the cross sections were taken from the re liable measurements discussed above). The other set contained cross sections obtained from available modern theoretical approaches cited above. The solutions of the model using these two sets of the cross sections do not diFer significantly; in the worst case (low densities) the maximum difference in the population of some levels was less than a factor of 5. This results from the fact that the modern methods of calculating of the cross sections give results that are not far from reality.
